Abstract M2-like polarized tumor-associated macrophages (TAMs) play a pivotal role in promoting cancer cell growth, invasion, metastasis and angiogenesis. The identification of M2-like TAMs during tumor progression is an attractive approach for cancer therapy. In this study, we investigated the relevance of macrophage polarization and the antitumor effect of gefitinib in Lewis Lung cancer (LLC) in vitro and in vivo. Gefitinib at a concentration below 2.5 μmol/L did not cause significant growth inhibition on LLC and RAW 264.7 cell lines and bone marrow-derived macrophage (BMDMs). However, a small concentration of gefitinib (0.62 μmol/L) significantly inhibited IL-13-induced M2-like polarization of macrophages, evidenced by the decreased expression of the M2 surface markers CD206 and CD163, down-regulation of specific M2-marker genes (Mrc1, Ym1, Fizz1, Arg1, IL-10 and CCL2) as well as inhibition of M2-like macrophagemediated invasion and migration of LLC cells. In RAW 264.7 cells, gefitinib inhibits IL-13-induced phosphorylation of STAT6, which was a crucial signaling pathway in macrophage M2-like polarization. In LLC mice metastasis model, oral administration of gefitinib (75
Introduction
Macrophages are a fundamental component of innate immunity and exert a crucial role in inflammation and the body's defense system by acting as the first line of resistance against microorganisms. The recruitment of monocytes and their differentiation into macrophages in tumor tissues shows significant diversity and plasticity [1] [2] [3] . Previously, developed hypotheses have proposed that tumor-associated macrophages (TAMs) participate in the antitumor responses of the body, but many recent clinical and experimental studies have demonstrated that in most cases, TAMs increase tumor progression to malignancy [4] [5] [6] . Several clinical studies have shown a correlation between the high influx of TAMs into the tumor with poor clinical outcomes in breast, prostate, ovarian, hepatocellular, and cervical cancers [7, 8] . Because plasticity and heterogeneity are the main features of macrophages in the tumor microenvironment, upon different stimuli, TAMs have either a tumorpreventing or tumor-promoting role that depends on the polarization status of the macrophages. Macrophages are primarily differentiated into two distinct phenotypes. Both classically activated M1 and alternatively activated M2 have been observed in tumors [9] . In nonmalignant tumors, the majority of TAMs are classically activated M1-like macrophages that are activated by interferon-γ (IFN-γ) or lipopolysaccharide (LPS), which promote the production of pro-inflammatory cytokines, lead to antigen presentation and promote tumor lysis. In contrast, M2-like macrophages stimulated in the presence of Th2 cytokines, such as interleukin-4 (IL-4) or interleukin-13 (IL-13), activate the signal transducer and activator of transcription-6 (STAT6) signaling pathway, which is indispensable for macrophage M2-like polarization. Moreover, STAT6 regulates the expression of macrophage M2-like associated specific genes such as arginase-1 (Arg1), mannose receptor C type-1 (Mrc1), Retnla (Fizz1), and chil3 (Ym1) [10, 11] . In established tumors, TAMs have an anti-inflammatory function and are similar to M2-like polarized macrophages, which enhance angiogenesis, tissue remodeling and suppress antitumor immune responses [12, 13] . Thus, M2-like polarized TAMs are considered a promising target for adjuvant anticancer therapies. However, the extremely complicated association between TAMs and cancer cells has not yet been clearly elucidated. Most importantly, whether TAMs can increase tumor progression remains a subject of controversy [14] . Thus, the multifaceted role of TAMs in tumor progression highlights the importance of developing novel therapeutic strategies by targeting these macrophages.
Gefitinib, an EGFR tyrosine kinase inhibitor (TKI), is a small molecule and has been approved to treat patients suffering from non-small cell lung cancer (NSCLC) metastasis [15, 16] . Gefitinib is also being used in clinical trials for certain types of cancers, including esophageal, breast, and lung cancers. Data from in vitro studies have shown that, in addition to reducing proliferation in transformed cells, gefitinib promotes cell cycle arrest, apoptosis, and antiangiogenic activity [17] . However, published studies that focused on the inhibition of cell proliferation and the induction of cell apoptosis are not able to exclusively explain the mechanism underlying the beneficial effect of gefitinib against TAMs M2-like polarized macrophages related cancer.
Our study demonstrates the relevance of macrophage polarization and the antitumor effect of gefitinib. In the current study, we showed that gefitinib at 0.62 µmol/L efficiently skewed macrophages away from the M2-like polarization induced by IL-13 in vitro. Furthermore, we demonstrated that the STAT6 signaling pathway participated in the inhibition of M2-like polarization by gefitinib. Importantly, the in vivo effect of gefitinib was linked to the decreased number of M2-like macrophages in the tumor region of Lewis lung cancer (LLC) metastasis. Altogether, our study showed for the first time that gefitinib can inhibit TAMs M2-like polarization, which may contribute to reduced cancer incidence and cancerrelated mortality.
Materials and methods
Materials, antibodies, and reagents Gefitinib was obtained from Selleck Chemicals (China). It was dissolved in dimethylsulfoxide (DMSO) for the in vitro study. IL-13 was purchased from PeproTech (Rocky Hill, NJ, USA). M-CSF (mouse recombinant) and antibody against STAT6 were purchased from Cell Signaling Technology (Beverly, MA, USA). p-STAT6 (phospho-Y641) and Ym1 antibodies were purchased from Abcam (Cambridge, UK). Antibodies against Mrc1, Arg1, Fizz1 and actin were purchased from Santa Cruz Biotechnology (CA, USA). For flow cytometry analysis, antibodies including PE-conjugated anti-mouse CD163, CD206 and F4/80 were purchased from Biolegend (San Diego, CA, USA). For immunofluorescence, primary antibodies including FITC-conjugated anti-mouse CD206 and CD68 were purchased from Biolegend, Bioscience, and Sigma, respectively, while anti-rat and anti-goat secondary antibodies were purchased from Life Technologies (Thermo Fisher Scientific).
Cell culture and differentiation LLC and RAW 264.7 cells were obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai, China). RAW 264.7 and LLC cells were cultured and maintained in Dulbecco's modified Eagle's medium (DMEM) enriched with 10% FBS and 100 units/mL of penicillin-streptomycin in a 5% CO 2 humidified incubator at 37 °C.
LLC mice metastasis model
The C57BL/6 (6-8 weeks old) mice used in this study were purchased from the National Rodent Laboratory Animal Resource (Shanghai, China). All animal protocols were approved by the Animal Research Committee at Zhejiang University, and all treatments were administered according to the Guidelines of the Institutional Animal Use and Care Committee.
For the LLCs intravenous model, mice were chosen randomly and divided into four groups (10 mice in each) based on the difference in macrophages co-inoculated with LLC cells. Lung cancer metastasis in mice was generated by intravenous tail vein injection with 1×10 6 LLCs cells in 0.2 mL DMEM or 1×10 6 RAW 264.7 cells in 0.2 mL DMEM. After tumor-cell injection, gefitinib was given orally at 75 mg/kg. All animals were euthanized at d 21 after the injection of tumor cells.
Immunofluorescence
To analyze the expression of M2-like macrophages, tumor tissues were immediately frozen in OCT compound. For the evaluation of tumor vessel normalization, tumor tissues were fixed in 4% PFA for 1 h, dehydrated overnight at 4 °C and then frozen in OCT compound. Then, all tissues were cut at a thickness of 8 μm. For immunofluorescence, the following primary antibodies were used: goat anti-CD206 (1:200) and rat anti-CD68 (1:500). Then, the approximate secondary fluorescent antibodies conjugated with Alexa Fluor 488 or 594 were incubated. For the analysis of M2-like macrophages, FITC-conjugated anti-rat CD163 antibody (1:1000) and FITCconjugated anti-goat CD206 (1:1000) were incubated for 4 h at room temperature. Then, nuclei were visualized by DAPI staining for 5 min. Slides were then dehydrated, mounted and cover slipped. For morphometric evaluation, at least five optical fields per tumor section were randomly chosen and analyzed by an Olympus IX81-FV1000 confocal laser-scanning microscope. For all studies, 5-10 optical fields (20× or 40× magnification) per tumor section were randomly chosen and analyzed.
Bone marrow-derived macrophage isolation and differentiation Bone marrow-derived macrophage (BMDMs) isolation was performed as previously described, with minor modifications [18] . Six-week-old C57BL/6 mice were euthanized, soaked in 75% ethanol, and the femurs were dissected using scissors. The bones were flushed with a syringe filled with DMEM to extrude the bone marrow into a small petri dish. Then, bone marrow cells were cultured in DMEM containing 10% FBS and 50 ng/mL macrophage colony-stimulating factor (M-CSF) for three days to allow differentiation to macrophages. Cell survival assay For the analysis of cell proliferation, cells were incubated at a density of (2-5)×10
3 cells per well in 96-well plates. Cells were allowed to adhere overnight and were then exposed to serial concentrations of gefitinib for 72 h. Cells were harvested after 72 h in culture and fixed by 10% TCA for 1 h at 4 °C. After fixing, media was removed, cells were washed, and they were then subsequently stained by sulforhodamine B (SRB). Following dye incorporation, fluorescence was measured at 492 nm to reflect cell density with the Multiskan Microplate Spectrophotometer (Thermo Scientific, Wilmington, DE, USA). The inhibitory rate of cell proliferation for each well was calculated.
Flow cytometry
The presence of M2-like macrophage-specific cell surface markers was detected by using flow cytometry. RAW 264.7 or BMDM cells were seeded in 6 well plates and treated with IL-13 (10 ng/mL) with or without gefitinib; after 72 h, cells were collected with a scraper and blocked with 3% BSA for 1 h. Then, cells were suspended in PBS and incubated with PE-conjugated anti-mouse CD206 (1:100), CD163 (1:100) (Biolegend) or FITC-conjugated anti-mouse F4/80 (1:200) (eBioscience) antibody for 1 h at 4 °C according to the manufacturers' instructions. Finally, 1×10
4 viable cells for each sample were analyzed using a BD FACSCalibur cytometer (Becton Dickinson, San Jose, CA, USA).
Quantitative RT-PCR assay
The total RNA extracted from RAW 264.7 and BMDMs using the Easy Pure RNA Kit (Transgen Biotech Co, Ltd) was used to synthesize single-stranded cDNA. The sequences of the forward and reverse primers used for RT-PCR are listed in Table  1 .
The reaction of real-time PCR mixtures containing SYBR Green was composed according to the manufacturer's protocol. The real-time quantitative PCR analysis was performed with Bio-Rad SYBR Premix (Bio-Rad, Hercules, CA, USA). The expression of the relative mRNA levels of target genes was normalized to β-actin mRNA.
Conditioned medium preparation
The conditioned medium for macrophage polarization was obtained by seeding the cells in DMEM medium enriched with 10% FBS and 10 ng/mL IL-13 with or without gefitinib for 72 h. Then, culture medium of different polarized RAW 264.7 cells was replaced by fresh FBS-free medium for 24 h. The supernatant medium was collected as macrophage conditioned medium (CM). The CM was then centrifuged at 3000 revolutions per minute for 10 min to separate out the debris and then stored at -80 °C.
Wound-healing assay RAW 264.7 and LLC cells were seeded in 24-well plates in DMEM medium enriched with 10% FBS and cultured until 70% to 80% confluence. The cells were then wounded with a straight scratch of approximately 0.4 to 0.5 mm in width made with a sterile pipette tip. The culture medium was then immediately replaced with fresh conditioned medium and cells were then incubated in CM for 24 h. Digitized images were captured to evaluate the migration of cells across the artificial wound with optical fields (10× magnification) that were randomly chosen and analyzed by using a Leica DMI 4000B (Buffalo Grove, USA) with Leica Application Suite software.
Transwell assay
A Transwell Boyden Chamber with 6.5-mm diameter polycarbonate filters and 8-μm pore size (Costar, Bethesda, MD, USA) was used to perform the migration assay. LLC or RAW 264.7 cells were seeded at a density of 1×10 4 (in 200 μL CM) per well in the upper chamber. A volume of 0.6 mL CM was placed into the lower chambers and allowed to incubate at 37 °C for 24 h. RAW 264.7 or LLC cells were incubated in the upper chamber for 24 h. In the upper chamber, non-migrated cells were then removed using cotton buds dipped in PBS and discarded. The migrant cells were fixed with 90% ethanol for at least 30 min. The migrated cells on the bottom chamber were stained with 0.1% crystal violet. The stained cells were photographed with a Leica DMI 4000B (Buffalo Grove, USA) in which five optical fields (10× magnification) per well were randomly chosen and quantitatively analyzed by using ImageJ software.
Western blot analysis
Cells were seeded in 6-well plates at a density of 1×10 5 cells per well for 24 h. After treatment with gefitinib for the indicated times, the macrophages were collected. Then, cellular and nuclear extracts were prepared and analyzed as previously described [19] .
Statistical analysis
Results are presented as the mean value±standard deviations (SD). The significance of the differences between the values 
Results

Effect of gefitinib on cell proliferation
We assessed the proliferative and inhibitory effect of gefitinib on RAW 264.7, LLC and BMDM cells that were incubated in 96-well plates and maintained in DMEM containing 10% FBS overnight. Then, cells were exposed to serial concentrations of gefitinib from 0.31 to 20 µmol/L for 72 h. The cell proliferation and inhibitory activities were measured using SRB assays.
The results are depicted in Figure 1 . Gefitinib treatment did not cause significant growth inhibition below a 2.5 µmol/L concentration in all three cell lines.
Gefitinib efficiently inhibits IL-13-induced M2-like polarization of macrophages
The alternate activation of M2-like polarization contributes to the poor progression of tumors [20] . CD206 and CD163 are M2-like macrophage surface markers in mice and humans. The expression of CD206 and CD163 is high in TAMs [21] . We assessed whether gefitinib could affect the M2-like polarization of macrophages. Consequently, we first analyzed the effect of gefitinib on the IL-13-induced M2-like polarization of macrophages in vitro. Significant up-regulation of surface marker CD206 expression was observed when RAW 264.7 cells were treated with 10 ng/mL IL-13 for 72 h. The surface marker expression of CD206 was greatly reduced by gefitinib at 0.62 µmol/L (Figure 2A) . Similarly, IL-13 induced the surface marker expression of CD206 and CD163 in BMDMs. The expression of CD206 and CD163 was reduced in a gefitinib concentration-dependent manner ( Figure 2B and 2C) . To confirm the impact of gefitinib on M2-like polarization, the transcriptional changes of specific M2 marker genes were assessed by quantitative real-time PCR. The mRNA levels of M2 marker, Mrc1, Ym1, Fizz1, Arg1, IL-10 and CCL2 were all markedly decreased upon treatment with gefitinib at 0.62 µmol/L compared to the IL-13-treated group ( Figure   3 ). Macrophages release various types of cytokines depending on the type of external stimuli and play a significant role in tumors [22, 23] . The chemokine CCL2 has a crucial role in the regulation of the infiltration and migration of monocytes and influences macrophage M2-like polarization [24] . Our data demonstrated that gefitinib significantly inhibits the mRNA levels of IL-13-induced CCL2. Therefore, these results clearly suggest that gefitinib inhibited the macrophage M2-like polarization induced by IL-13.
The IL-13-induced STAT6 signaling pathway participates in gefitinib-mediated inhibition of M2-like polarization Next, we investigated the molecular mechanisms by which gefitinib inhibited macrophage M2-like polarization. The classical signaling pathway for IL-4/IL-13-induced tumor-associated macrophages involves the phosphorylation of STAT6, which plays a significant role in M2-like polarization [25] . Additionally, the expression of M2 genes such as Mrc1 and Arg1 has been described to be STAT6-dependent [26, 27] . In general, STAT6 is rapidly activated upon cytokine receptor binding. Consistent with this idea, IL-13-induced STAT6 played an important role in M2-like polarization. We analyzed the phosphorylated level of STAT6 during the polarization process. RAW 264.7 cells were treated IL-13 with or without gefitinib for the indicated time. IL-13 significantly increased the p-STAT6 level while co-treatment with gefitinib dramatically reduced its expression over time, suggesting that IL-13-induced STAT6 might be contributing to the gefitinib-mediated inhibition of M2-like polarization of TAMs ( Figure 4A ). In addition to quantitative PCR, we further determined the protein levels of Arg1, Mrc1, Ym1 and Fizz1 via Western blot. As shown in Figure 4B , gefitinib decreased the IL-13-induced expression of Mrc1, Arg1, Ym1, and Fizz1. Taken together, these in vitro results suggest that gefitinib significantly inhibited the IL-13-induced M2-like polarization of macrophages through the STAT6-dependent signaling pathway. Gefitinib abrogates M2-like macrophage promoted invasion and migration of LLCs in vitro Increasing evidence suggests that M2-like macrophages have the capacity to promote angiogenesis and cancer metastasis [28, 29] . We investigated the effect of gefitinib on the functional macrophage tumor cell interaction. Macrophage cells were treated with IL-13 with or without gefitinib for 72 h, and then, the culture medium was replaced with fresh FBS-free medium for 24 h. Then, the supernatant medium was collected as macrophage conditioned medium (CM). To eliminate the impact of conditioned medium on tumor cell survival, LLCs cells were treated with a conditioned medium for 24 h and cell proliferation was analyzed by SRB assay. Surprisingly, no significant difference was observed in all four groups ( Figure 5B ). We further analyzed the effect of gefitinib on the angiogenesis-promoting ability of macrophages by evaluating the migrating ability of LLCs in different CMs using the wound-healing assay. We found that IL-13-treated macrophage CM significantly promoted the migration of cells by 24 h, whereas combination treated CM of IL-13 and gefitinib did not show this effect, nor did the CM from gefitinib treatedmacrophages ( Figure 5C ). We evaluated the migrating ability of LLC and RAW 264.7 cells in different CMs using the Transwell assay; IL-13-treated macrophage CM promoted LLC and RAW 264.7 migration, which was abrogated by gefitinib (Figure 5D and 5E).
Gefitinib prevents LLC formation in vivo by targeting macrophages
To validate our in vitro results, we then analyzed whether gefitinib had an in vivo effect on lung cancer growth in addition to whether it inhibits the occurrence of TAMs M2-like macrophages. Using the LLCs intravenous model, mice were randomly chosen and divided into four groups based on the difference in macrophages co-inoculated with LLC cells. Mice with LLC tumors were euthanized at d 21 after the injection of tumor cells. The average body weight of mice was not affected ( Figure 6A ). The number of lung metastasis nodules was potentially reduced in the gefitinib treatment group compared to the untreated control group ( Figure 6B ). We then investigated whether gefitinib altered TAMs polarization in tumor tissue. The expression of the M2 surface marker CD206 in tumor tissue was analyzed by FACS. The percentage of CD206 was greatly reduced in the gefitinib-treated group compared to the untreated control group ( Figure 6C ). Next, we examined the expression of specific M2 TAM marker genes in tumor tissue. Quantitative real-time PCR was performed to assess the mRNA levels of M2-like macrophages. The mRNA expression of Mrc1, Arg1, and Fizz1 were significantly decreased in gefitinib-treated groups.
Macrophages are the most important and prominent component of leukocytes that infiltrate tumor-bearing mice and humans with different types of cancers [7] . Considering the effects of gefitinib on metastasis, we assume that gefitinib may inhibit lung metastasis by acting on macrophages. Furthermore, we investigated the gefitinib-mediated effect on altered TAMs polarization in tumor tissue. Immunohistochemistry analysis showed that, compared to untreated controls, gefitinib-mediated inhibition markedly decreased the percentage of CD206 + and CD68 + macrophages in tumor tissue (Figure 7 ). These observations suggest that M2-like polarized macrophages play a significant role in the regulation of tumorigenesis in lung cancer. Nevertheless, gefitinib antagonizes the tumorigenesis induced by M2-like polarized macrophages.
Discussion
Many studies have revealed that M2-like polarized TAMs contribute in angiogenesis, cancer progression, and metastasis in various types of cancer including pancreatic cancer, liver cancer, ovarian cancer, and NSCLC. In recent studies, it was reported that gefitinib inhibits angiogenesis, chemotactic migration, metastasis-related proteins and matrix metalloproteinases-2 and -9 (MMP-2 and -9) [30] . The antitumor and antimigration activity of gefitinib in NSCLC is conferred by the suppression of the expression of DOCK1, Akt activity, and the phosphorylation of vimentin [31] . Brouxhon et al reported that gefitinib inhibits soluble E-cadherin (sEcad) induced proliferation, migration and invasion in skin squamous cell carcinomas (SCCs) [32] . However, the mechanism of action by which gefitinib inhibits angiogenesis, invasion and cancer metastasis requires further investigation. In this study, we demonstrated that gefitinib efficiently suppressed TAMs M2 macrophages and LLCs metastasis in vivo. Consequently, our study suggests that gefitinib may act as a regulator of the tumor microenvironment in metastatic sites by affecting macrophage biology and provides new mechanistic insight into the antitumor function of gefitinib.
TAMs in the tumor microenvironment act as the most abundant immune cell types expressing pro-inflammatory cytokines, including IL-4, IL-13, and CCL2, which stimulate angiogenesis, tumor progression, and metastasis by suppressing immune responses [7, 33] . It is well documented that in the tumor microenvironment TAMs are programmed and polarized into M2-like macrophages [34] . Our results highlight the relevance between macrophages and the anti-metastasis effect of gefitinib and suggest that the anti-metastasis effect of gefitinib may be due to inhibited accumulation of M2-like macrophages in LLCs.
The tumor microenvironment is composed of tumor cells, stromal cells, and their secreted inflammatory factors such as IL-13. Several studies have reported the effect of gefitinib on the biological functions of macrophages. Lin et al reported that gefitinib inhibits the secretion of soluble factors from activated macrophages that can promote EMT via the down-regulation of E-cadherin and β-catenin at the adherent junctions between hepatocellular carcinoma cells [14] . Gefitinib inhibits the EGFR which significantly decreases NF-κB pathway signaling and cytokine production [35] . Using the IL-13-induced M2-polarization model, we found that gefitinib inhibits IL-13-induced expression of M2 surface markers such as CD163 and CD206, as well as decreases the mRNA levels of M2 genes including Mrc1, Fizz1, Arg1, Ym1, and IL-10.
IL-4/IL-13-induced STAT6 signaling activates the genes responsible for M2-like polarization that play an important role in several human diseases [36, 37] . Aberrant activation of STAT6 may also be involved in the development of various diseases [38] . The activation and differentiation of macrophages remains a subject of intense investigation [39] . In the present study, we showed for the first time that gefitinib could skew macrophages away from M2-like polarization in vivo and in vitro and suppress lung metastasis in LLCs cells. Furthermore, we demonstrated in vitro that gefitinib markedly decreased the IL-13-induced STAT6 signaling pathway and the expression of Mrc1 and Arg1, Ym1, and Fizz1, indicating that gefitinib acts as a potent inhibitor of M2-like macrophages.
Recently, various studies showed that conditioned medium from tumor cells can mimic the tumor microenvironment and induce the formation of tumor promoting M2-like macrophages with features similar to macrophages isolated from malignant tumors [40, 41] . IL-4/IL-13 expression is a well-known phenotype of M2-like TAMs that promotes proliferation and Figure 5 . Gefitinib inhibits M2-like macrophage-promoted invasion and migration in vitro. (A) Schematic representation of the experimental approach used in vitro as described in the Methods section. BMDMs were treated with IL-13 (10 ng/mL) with or without gefitinib (0.62 µmol/L) for 72 h and the culture medium was replaced with fresh serum-free medium. After 24 h, the supernatant medium was collected as macrophage-conditioned medium (CM). (B) LLCs were cultured with CM for 24 h. Cell survival was determined by SRB assay. (C) For the wound healing assay, LLCs cells were seeded in 24-well plates in DMEM medium with 10% FBS, cells were then wounded with a straight scratch using a pipette tip and treated with CMs for 24 h. (D and E) The cells were seeded in the upper chamber and CM was placed into the lower chambers and allowed to incubate at 37 °C for 24 h. The migrated cells on the bottom chamber were stained with 0.1% crystal violet. Then, the effect of different CMs on RAW 264.7 and LLCs migration was evaluated by Transwell assay. The results are presented as the mean±SEM of triplicate determinations.
* P<0.05.
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Acta Pharmacologica Sinica angiogenesis [9, 42] . However, consistent with previous studies, our data showed that conditioned medium from IL-13-activated macrophages promotes the migration of LLCs and RAW 264.7 cells and that co-treatment with gefitinib eliminated this IL-13-activated tumor-promoting effect. It has been observed that gefitinib does not directly affect the migration of LLCs or RAW 264.7 cells. These results indicated that IL-13-activated M2-like polarization was abrogated by gefitinib.
In summary, we reported that gefitinib inhibits the M2-like polarization of macrophages both in vitro and in vivo, which contributes to the inhibition of tumor metastasis. Our findings link TAMs with the anti-tumorigenic effect of gefitinib, specifically via the STAT6 signaling pathway, which represents a promising approach to modulate the LLCs environment and provides further support for the clinical application of gefitinib. Overall, these results suggest that gefitinib may target cancer cells under certain circumstances by inhibiting the M2-like polarization of macrophages. These observations highlight a novel effect of gefitinib and provide new insight to treat lung cancer by inhibiting M2 polarization.
